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Abstract 
Through the defining and perfection of water resource vulnerability concept, it establishes the water resource 
vulnerability evaluation index system and evaluates the water resource vulnerability of Hani Terrace core area in 
Yuanyang, Yunnan by adopting analytical hierarchy process (AHP) and synthetic index method and the results show 
that in seven years, the water resource of Hani Terrace core area in 2003, 2005, 2006 and 2007 is vulnerable 
relatively, the water resource in 2008 and 2009 is vulnerable moderately, the water resource in 2001 is invulnerable 
relatively and the water resource vulnerability order from high to low is 2003 > 2006 > 2005 > 2007 > 2008 > 2009 > 
2001. 
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1. Introduction 
In recent years, as problems such as global warming, glaciers melting, flood & drought, water resource 
shortage and water environment deterioration etc. become increasingly prominent, the water resources 
security faces severe challenges, the water resource becomes more and more vulnerable and they have 
threatened the sustainable development of society, resources and economy. Therefore, the conduction of 
studies on water resource vulnerability is helpful to know the nature of water resource system further and 
thus utilize and protect water resources more effectively and promote the sustainable development of 
water resource system. 
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2. Concept and Connotation of Water Resource Vulnerability 
2.1. Concept of Water Resource Vulnerability 
The study on water resource vulnerability starts relatively late, French Margat [1] proposed the term of 
“Groundwater Vulnerability” firstly in 1986 and the study on water resource vulnerability in China 
started in the 1990s. At present, there has not been a consensus reached on the understanding of water 
resource vulnerability and the theory has still not been mature; the vulnerability study mainly places 
particular emphasis on the study on ground water and there are less studies on surface water; the 
vulnerability study mainly places particular emphasis on the study on water quality and there are less 
studies on water quantity and there has not been an uniform index system formed concerning the 
evaluation of water resource vulnerability. On the basis of learning about water resource vulnerability 
study progress and water resource system characteristics at home and abroad, the author deems that the 
water resource vulnerability refers to the usability or susceptibility reflected by the water resource system 
in a certain area in the process of being easy to suffer impact and damage from human activities and 
natural disasters in its production, life and ecological functions to serve the ecological environment and 
social & economic fields and the nature to be difficult to return to original state and functions after it is 
damaged [2~7]. 
2.2. Connotation of Water Resource Vulnerability 
Water resource vulnerability has 3 connotations: 
(1)When the load borne by the regional water resource exceeds the ability to utilize and develop water 
resource under the existing social economy and eco-environmental conditions [5], its vulnerability will be 
reflected in the form of adverse consequences such as drought & flood disasters and water quality 
pollution etc. Once the vulnerability of water resource system exceeds its bearing threshold, it is difficult 
for it to return to its original state and it is unable to meet the needs of regional social economy for 
resources. 
(2)Vulnerability is the self-owned objective attribute of a water resource system; the water resource 
vulnerability possesses dynamic characteristics and regional characteristics [7] and its vulnerability within 
a certain time period is stable relatively. Vulnerable water resource system has a poor ability to resist 
external interferences and a poor self-restoring ability. 
(3)Water resource vulnerability includes 2 aspects which are water quality vulnerability and water 
quantity vulnerability. In terms of vulnerability forming factors, it can be classified into 3 kinds including 
natural vulnerability, artificial vulnerability and bearing vulnerability [8]. Among them, the natural 
vulnerability reflects the static characteristics of water resource vulnerability and its influencing factors [2] 
mainly include annual mean precipitation, annual mean evaporation, annual mean temperature, annual 
mean runoff, drought index, gradient, water resources quantity per capita and cultivated land area etc. The 
artificial vulnerability reflects the dynamic characteristics of water resource vulnerability and its 
influencing factors mainly include forest coverage, water conservancy project flood storage capability, 
water utilization efficiency, water qualification rate, water resource allocation rationality, water resource 
price and water resource development & utilization ratio etc. The bearing vulnerability is formed by 
system external load and its influencing factors mainly include population density, GDP per capita, 
industrial output value per capita, agricultural output value per capita, natural population growth rate, 
income per capita and water conservancy project intact rate etc. 
3. Water Resource Vulnerability Evaluation of Hani Terrace Core Area in Yuanyang, Yunnan 
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3.1. Overview of Hani Terrace Core Area in Yuanyang, Yunnan 
 
Fig.1. Water Resource Vulnerability Evaluation Index System of Hani Terrace Core Area 
Yuanyang is located in the south of Yunnan Province and the south part of Ailao Mountain on the 
south bank of Red River. Its geographical position is east longitude 102°27′~ 103°13′and north 
latitude 22°49′ ~ 23°19′, Hani Terrace is a terraced field built by various nationalities represented 
by Hani nationality according to terrain and mountain forms, according to the water resources planning of 
Hani Terrace, its core area covers Dawazhe River area, Malizhai River area, Zhena River area and 
Amengkong River area and it involves 28 village committees in total in four towns including Niujiaozhai 
Town, Shengcun Town, Panzhihua Town and Xinjie Town in Yuanyang County. 
In Yuanyang County, there are high mountains and deep valleys, criss-cross ravines and gullies and 
the county belongs to deep-cut middle mountain geomorphic type. Yuanyang County is located at the 
middle part of Ailao Mountain and the tectonic structure unit belongs to Zangdian geosynclinal folded 
system Hengduan Mountain virgation. Its forest coverage is 26.7%. Hani Terrace core area is a 
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mountainous place with few dams. Hani Terrace core area is a subtropical monsoon climatic region, in 
the region, the annual mean temperature is 16.4℃, the highest air temperature is 32.4℃, the lowest air 
temperature is -2.6℃, the annual frostless period is 363.5d and the annual rainfall is 1,405mm. In Hani 
Terrace core area, there are rich water resources, the water system mainly including two main streams 
Red River and Tengtiao River has 29 tributaries which are over 700 km long in total. Hani Terrace core 
area mainly belongs to Red River south bank basin and Tengtiao River upstream basin mainly including 
Zhena River, Malizhai River, Dawazhe River and Tengtiao River upper reaches tributary Amengkong 
River [11]. 
3.2. Establishment of Water Resource Vulnerability Evaluation Index System 
Water resource vulnerability evaluation index system involves a wide range and lots of contents, for 
the convenience of evaluation and analysis, according to the actual conditions of Hani Terrace in 
Yuanyang, Yunnan, indexes playing a leading role in water resource vulnerability are selected, the data 
needed by index calculation shall be easy to be acquired from various channels, in consideration of 
reasons such as information & data acquisition and relatively easy quantization of quantitative indexes 
etc., 15 indexes are selected specifically for establishing the water resource vulnerability evaluation index 
system of Hani Terrace core area in Yuanyang, Yunnan as shown in Figure 1[10]. In accordance with the 
water resource characteristics of Hani Terrace, two indexes including water loss rate and terrace collapse 
rate are added into the system. The original data of indexes is derived from social statistical data, field 
measurements and runoff plot test data over seven years in 2001, 2003 and 2005 to 2009. 
3.3. Water Resource Vulnerability Evaluation Method 
There are many evaluation methods for water resource vulnerability, but different evaluation methods 
have their corresponding application scopes, factors like characteristics, index system conditions and 
study scale etc. of the evaluated water resource system shall be taken into full consideration in the 
selection of evaluation methods. Considering that the water resource system is a coupled complex system, 
in order to embody the comprehensiveness, integrity and hierarchy of water resource vulnerability 
evaluation, the synthetic index method is adopted in the paper to evaluate the water resource vulnerability 
of Hani Terrace core area. 
3.3.1. Data Standardization 
Maximum value method is adopted to conduct the standardized processing of collected original data so 
as to eliminate the impact exerted by the difference of original data dimension on calculation and the 
positive index formula is shown as follows: 
                                
(max)
xici xi

                                                                                                          (1) 
 In the formula: ci is the standardization value of each index; xi is the original value of the its index; 
xi(max)is the maximum value of the ith index. 
1-
(max)
xici xi

                                                                                                        (2) 
In the water resource vulnerability evaluation index system of Hani Terrace core area in Yuanyang, 
Yunnan, C1, C5, C6, C9, C12 and C13 are negative indexes and the rest are positive indexes. Data 
standardization is shown in Table 1: 
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Table 1. Data standardization 
                                            Index 
Year 2001 2003 2005 2006 2007 2008 2009 
Annual mean precipitation C1 0.00  0.46  0.46  0.46  0.26  0.27  0.01  
Annual mean temperature C2 0.66  0.66  0.66  1.00  1.00  1.00  0.96  
Drought index C3 0.53  0.98  0.99  1.00  0.73  0.74  0.58  
Gradient C4 0.83  0.87  0.87  0.91  0.91  0.96  1.00  
Forest coverage C5 0.39  0.35  0.22  0.12  0.06  0.03  0.00  
Water resource allocation rationality C6 0.26  0.23  0.20  0.15  0.11  0.07  0.00  
Water utilization efficiency C7 1.00  0.94  0.89  0.87  0.80  0.76  0.67  
utilization ratio C8 0.83  0.87  0.87  0.91  0.91  0.91  1.00  
Category III water qualification rate C9 0.00  0.01  0.02  0.02  0.03  0.03  0.05  
Water loss rate C10 0.92  0.98  0.99  0.99  0.99  0.99  1.00  
Terrace collapse rate C11 0.55  0.75  0.75  0.80  0.85  0.90  1.00  
GDP per capita C12 0.59  0.51  0.36  0.28  0.15  0.00  0.15  
Net income per capita C13 0.55  0.50  0.36  0.27  0.18  0.14  0.00  
Population density C14 0.85  0.87  0.90  0.90  0.91  0.93  1.00  
Natural population growth rate C15 1.00  0.81  0.65  0.66  0.72  0.77  0.84  
Table 2. Water Resource Vulnerability Evaluation Indexes & Weights of Hani Terrace Core Area in Yuanyang, Yunnan 
Target layer Criterion layer Weight Index layer Weight 
W
ater resource vulnerability of H
ani Terrace core 
area 
Natural 
vulnerability 0.33 
Annual mean precipitation C1 0.0372 
Annual mean temperature C2 0.198 
Drought index C3 0.0318 
Gradient C4 0.0655 
Artificial 
vulnerability 0.14 
Forest coverage C5 0.0203 
Water resource allocation rationality C6 0.0278 
Water utilization efficiency C7 0.0325 
Water resource development & 
utilization ratio C8 
0.008 
Category III water qualification rate C9 0.0307 
Water loss rate C10 0.0102 
Terrace collapse rate C11 0.0102 
Bearing 
vulnerability 0.53 
GDP per capita C12 0.1871 
Net income per capita C13 0.1871 
Population density C14 0.069 
Natural population growth rate C15 0.0845 
3.3.2. Determination of Index Weight 
Weight reflects the impact exerted by each index factor on water resource system vulnerability and it 
mainly highlights the impact exerted by index factors on evaluation results. Weight wi of each index is 
determined by analytical hierarchy process (AHP) in the paper, due to space limitations, its concrete 
calculation method is shown in references [9]. In the index system, 15 indexes are used for grading the 
273Liu Yanhui et al. / Procedia Earth and Planetary Science 5 (2012) 268 – 2746 Author name / Procedia Earth and Planetary Science 00 (2011) 000–000 
relative importance of pairwise elements through expert consultation, Satty nine-grade scaling method is 
adopted as the grading standard and the calculated weights of each index are shown in Table 2: 
3.3.3. Calculation of Vulnerability 
 The calculation of water resource vulnerability adopts the synthetic index method and the model 
formula is shown as follows: 
    
v w ci i i                                                                                                                         (3) 
Where, vi indicates water resource vulnerability, ci indicates the standardization value of each index, wi 
is the weight coefficient of each index for water resource vulnerability. The values of water resource 
vulnerability are shown in Table 3. The larger the calculation result is, the higher the vulnerability is, on 
the contrary, the vulnerability is lower. 
Table 3. Evaluation Vulnerability & Evaluation Grade of Water Resource Vulnerability of Hani Terrace Core Area 
Year Vulnerability Vulnerability grade 
2001 0.63 Invulnerable relatively 
2003 1.56 Vulnerable relatively 
2005 1.45 Vulnerable relatively 
2006 1.46 Vulnerable relatively 
2007 1.35 Vulnerable relatively 
2008 1.27 Vulnerable moderately 
2009 1.18 Vulnerable moderately 
3.3.4. Water Resource Vulnerability Grade Classification 
 At present, there have not been unified standards for water resource vulnerability evaluation. 
According to the study status at home and abroad and in combination with physical geographical 
conditions, water resource vulnerability characteristics and change laws of Hani Terrace core area, 
through the analysis of the above calculation results, reference to planning of the region and consulting 
expert opinions, the water resource vulnerability can be classified by clustering method into 5 grades [3] 
which are invulnerable, invulnerable relatively, vulnerable moderately, vulnerable relatively and very 
vulnerable. See Table 4: 
Table 4. Vulnerability Grading Standard 
Degree of 
vulnerability Invulnerable 
Invulnerable 
relatively 
Vulnerable 
moderately 
Vulnerable 
relatively Very vulnerable 
Range of 
vulnerability v≤0.2 0.2<v≤0.7 0.7<v≤1.3 1.3<v≤1.8 v>1.8 
4.  Conclusion 
The above calculation results show that in the seven years, the water resource of Hani Terrace core 
area in 2003, 2005, 2006 and 2007 four years is vulnerable relatively, the water resource in 2008 and 
2009 is vulnerable moderately, the water resource in 2001 is invulnerable relatively and the water 
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resource vulnerability order from high to low is 2003 > 2006 > 2005 > 2007 > 2008 > 2009 > 2001, As 
shown in Table 3.  
Vulnerability is a barrier for sustainable development, the higher the vulnerability is, the more 
unfavorable for the regional sustainable development it is, due to the influences of many factors such as 
natural factors and human factors etc., the water resource of Hani Terrace core area shows relatively 
prominent vulnerability. Therefore, it is of important practical significance for the realization of regional 
sustainable development to rationally plan, develop and utilize water resources and ameliorate the 
vulnerability status of regional water resources. Because the study on water resource vulnerability is an 
initial attempt, further in-depth study shall be done in such aspects as definition of concepts, 
understanding of connotations, establishment of evaluation index system and selection of evaluation 
methods etc. 
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